Abstract: This work models the effect of an impact phenomenon-namely the interaction between seabed rock and a ship during its operations-on the ship structure. The collision between a tanker vessel with a conical rock is simulated, a scenario that is similar to the famous grounding of the Exxon Valdez oil tanker. The study uses finite element analysis to simulate numerical parameters that are related to structural response and the contours of the ship hull under impact loading. The traditional element-length-to-thickness (ELT) ratio of 10 is recommended in this work. ELT ratios in the range of 11 to 13 are shown to produce similar results in terms of internal energy, contact force, and structural acceleration. Additionally, the analysis time is reduced by approximately 20% for the recommended ELT ratio. This result is very helpful for researchers using finite element analysis to simulate ship accidents, since the mesh size or length of complex structures is used to maintain the efficiency and accuracy of the simulation results.
Introduction
Developments in engineering and science have led to demands for more complex analysis and the observation of research subjects, including marine structures. It is well known that better approximation and prediction leads to adequate safety. In the field of marine structures, safety is primarily related to accidents that occur on any structure or vessel in the daily operations of shipping and offshore industries [1] [2] [3] . Massive accidents, including oil spillage, loss of life, and environmental damage, are likely to occur, and in certain cases are unavoidable. Efforts to avoid damage to ship hulls have concentrated on methods for the sustainable improvement of navigating instruments and mitigation plans. Additionally, design plans for various vessels, such as those carrying dangerous cargo, take into account resistance against impacts, the most frequent types of which are grounding and explosion. Such impacts have been studied while using several methods, including the finite element method, which has been used in various studies since the 1990s. This method is capable of simulating almost any type of phenomenon, including impacts in maritime environments. However, despite the advantages of the finite element method, challenges that are associated with the idealization of actual phenomena in numerical design have to be addressed in order to obtain effective results [4] while maintaining calculation accuracy. The mesh size is an important factor in the finite element method, and the selection of an appropriate mesh size when modeling complex objects, such as ship hulls, is therefore also important. This is also important when simulating impact events. For instance, loading causes the modeled material to surpass its linear limit, thereby leading to nonlinearity due to structural complexity. Larger mesh sizes allow for a faster calculation time, however with less accurate results. Conversely, when the mesh size is too small, high accuracy is achieved at the cost of a large processing time. Large processing times represent a huge disadvantage due to the limitations of computational capability to carry out nonlinear analysis. In previous research that was related to the effect of accident phenomena on ship hull structures, element-length-to-thickness (ELT) ratios of 5-10 were used to control the finite element mesh size [5] [6] [7] . However, it is possible to expand the range of ELT ratios to provide faster calculation times with high accuracy. Therefore, it is necessary to examine and verify the use of an expanded range of ELT ratios in simulations of the effects of accidents on marine structures.
Therefore, this work aimed to investigate the structural response and damage pattern of a ship hull using a finite element model with an expanded ELT ratio and to compare the results with those obtained using a traditional ratio. The accidental scenario involved the grounding of a chemical tanker carrying a dangerous cargo, with oceanic rock that indents the vessel structure. Structural performance was assessed via internal energy, crushing force, and damage pattern, and the effect of the expanded ELT ratio was quantified.
Brief Review of Pioneering Works

Structural Performance Studies
Studies of accidental phenomena in maritime environments began after the occurrence of major shipping incidents across the globe. Such incidents have caused collateral damage to maritime ecosystems, leading to the loss of human life, the creation of major environmental revitalization funds, difficulties in evacuation, and long-term effects on the socioeconomic conditions of societies close to the incident locations. In recent decades, there has been a high demand to ensure safety as the Northern Sea Route (NSR) has been opened for international shipping from Asia to Europe and America. Accidental damage to ship hulls causes serious damage to the Arctic environment, which is considered to be a critical location for the ozone hole and global warming. Therefore, various studies have been conducted on shipping and operational safety, including structural performance.
Accidental events are serious threats to the integrity of ship hulls and their surroundings, including crew, passengers, and the maritime environment. As summarized in Tables 1 and 2 , the structural performance of ship hulls has been significantly improved when compared to the conventional design, especially in terms of single and double hulls. The internal energy and crushing force are primary considerations in the assessment of crashworthiness. Additionally, the behavior of drivers has been predicted for girders during collision and grounding. Furthermore, the surface of the ship hull has also been investigated in studies regarding load explosion. Table 1 . Summary of previous studies of the structural performance of ship hulls after collision.
Author
Phenomenon Subject Conclusions
Ozguc et al. [8] Collision Bulk carrier The collision energy absorption capability depends on the thickness of structural parts, such as the outer and inner shells and side stringers. Haris and Amdahl [9] Collision Shuttle tanker Collisions in which both ships deform. The damage and energy dissipation switches between ships during the collision. Prabowo et al. [10] Collision Passenger ship; Tanker; Reefer cargo
It was demonstrated that the structural crashworthiness of the struck ship during rebounding was different than for fully stuck cases. Yu et al. [11] Grounding Tanker Up to an indentation of 90% of the double-bottom height, other double-bottom structural components contribute little to the total energy dissipation during distortion; therefore, it can be neglected. Sormunen et al. [12] Grounding Tanker The relationship between the volume of damaged material and the real rock area or model projected area was found to be linear for the whole grounding simulation and less than the vertical phase of the grounding model. Prabowo et al. [13] Grounding Tanker The bottom shell was found to be the component which experienced the highest plastic deformation during grounding. Qiankun and Gangyi [14] Explosion Idealized as 1/4 of the ship section
The effects of alpha damping to the velocity response were investigated, with the alpha damping significantly reducing at later times and low frequency response considering the effects of hydrodynamic drag. Ming et al. [15] Explosion Idealized as a stiffened plate
The detonation wave propagates into the water and the hull plate; therefore, an instantaneous high-pressure is produced on the plate, which is up to 700-800 MPa in a zone whose radius is close to the radius of the charge. The stiffeners seem to have no response during this process.
Methods for the Simulation of Impact Phenomena
The choice of methodology for the analysis of impact phenomena is important for obtaining dependable estimates and determining the effect of the input parameters. In the early 1950s, direct investigations of accidental phenomena were initiated to improve methods for the simulation of impact phenomena. Based on these investigations, empirical formulas were developed by several researchers, such as Minorsky [16] and Woisin [17] . Later, large-scale experiments were used to obtain realistic data without depending on actual accidents. Japan, the Netherlands, and Germany were active in performing such experiments. Subsequently, smaller-scale experiments were conducted, such as the plate cutting experiment of Simonsen [18] and the stiffened plate impact experiment of Alsos [19] . As the development of computational instruments has advanced, numerical methods have been used to simulate accidental events since the early 1990s. In particular, the finite element method emerged as one of the most popular methods for simulating various impact scenarios. This method has a huge advantage, in that failure analysis can be directly re-calculated. Tables 3 and 4 detail pioneering works related to the calculation of impact phenomena in maritime environments. Table 3 . Calculation methods used in pioneering works related to ship collision.
Author
Phenomenon Method Conclusions
Prabowo et al. [20] Collision Finite element method Implementation of a wider double hull was considered a good option to increase safety; however, the ship's capacity would be reduced. Reardon and Sprung [21] Collision Empirical approach Minorsky's ship collision model was validated and the probability of damaging a radioactive material during collision was estimated. [23] Grounding Scaled experiment; Finite element method It was found that the plate tended to provide more resistance in perpendicular grounding, while the internal energy of the stiffener was dominant during oblique groundings. Abubakar and Dow [24] Grounding Scaled experiment; Finite element method The effect of grounding was highly localized in all simulations, with high stress contours only occurring in the area close to the impact. Zong et al. [25] Explosion Scaled experiment; Finite element method Damage modes were classified according to the standoff distance between the charge and the ship. This is helpful for the analysis of the surface of the ship when subjected to underwater explosion.
The impact phenomena and calculation methods that are mentioned in Tables 3 and 4 are closely related to the highly dynamic nonlinear characteristics needed to properly idealize the finite element approach. The time constraints of the scenario simulations are highly influenced by the numbers of discrete elements that are used to represent the structures of large ships. Structural performance needs to be assessed to determine reasonable mesh sizes in impact analysis.
Analysis Methods
Calculation Algorithm
An explicit strategy using the ANSYS LS-DYNA finite element method [26] and the central difference time integration method was applied in this study to simulate a highly dynamic nonlinear impact phenomenon, i.e., ship grounding. The accelerations at time t were evaluated while using Equation (1), while the velocity and displacement were obtained using Equations (2) to (4). The stability limit of the explicit strategy must be maintained to obtain a stable solution. The time step must be smaller than the critical value, as presented in Equation (5) . In this research, the critical time step refers to the Courant-Friedrichs-Lewy condition.
where ω max = 2 c l (model is assumed as a rod in the concept algorithm [26] ), [M] denotes the mass matrix of the model, F ext
Geometry and Material
The ship was an idealized double hull oil/chemical tanker with dimensions as given in Table 5 . Figure 1 presents the double bottom part of the ship's three-dimensional (3D) geometry. The numerical model of the bottom structure defined in ANSYS LS-DYNA [26] with reference to the shell elements was used in this study. The element formulation utilized the fully integrated version of the Belytschko-Tsay [27, 28] to suppress hourglass energy during the application of accidental loading to the ship structures. (1)
where 2 (model is assumed as a rod in the concept algorithm [26] ), denotes the mass matrix of the model, is the applied external body force vector, is the internal force vector, is the acceleration of the system at time t, is the velocity of the system at time t, is the displacement due to the velocity of the system at time t, is the initial condition of the modeled system or geometry, is the updated displacement/condition of the modeled system in the numerical analysis, ∆ is the size of the time step, ∆ is the size of the critical time step, is the largest natural circular frequency, c is the wave propagation velocity, and l is the rod length that is considered in the algorithm assumption.
The ship was an idealized double hull oil/chemical tanker with dimensions as given in Table 5 . Figure 1 presents the double bottom part of the ship's three-dimensional (3D) geometry. The numerical model of the bottom structure defined in ANSYS LS-DYNA [26] with reference to the shell elements was used in this study. The element formulation utilized the fully integrated version of the Belytschko-Tsay [27, 28] to suppress hourglass energy during the application of accidental loading to the ship structures. In the analysis, steel was defined while using a plastic-kinematic model (see Table 6 ) with kinematic hardening being applied to the structure. It was assumed that the ship suffered massive damage during the impact. Therefore, it was necessary to define the failure state of the double bottom. The failure limit was assumed to be the strain limit beyond which the material experiences failure under excessive loading. In the analysis, steel was defined while using a plastic-kinematic model (see Table 6 ) with kinematic hardening being applied to the structure. It was assumed that the ship suffered massive damage during the impact. Therefore, it was necessary to define the failure state of the double bottom. The failure limit was assumed to be the strain limit beyond which the material experiences failure under excessive loading.
The proposed strain limit ranges from 0.2-0.35; a value of 0.2 was adopted for the current configuration that is based on a pioneering analysis of an accident scenario involving a bulk carrier by Ozguc et al. [8] and an investigation of ship collision mechanics [29] . Material sensitivity was considered by applying two Cowper-Symonds parameters to the model. 
Rock Parameters
In this research, the impacting rock was assumed to have a conical geometry, as shown in Figure 2 . This rock design was first used by Wierzbicki [30, 31] to simulate the damage that was caused to the Exxon Valdez. The rock type was assumed to be pyroxene, one of the primary minerals in oceanic crust. The rock model and its displacement constraints are summarized in Table 7 . During interaction with the ship structure, contact was assumed to be surface-to-surface, with consideration of the friction coefficient. The value of the Coulomb friction coefficient ranged from 0.2-0.4; this range is frequently adopted for the modeling of steel-to-steel contact and steel-to-rock contact. 
Design of Accident Scenario
In this study, interaction in the accidental event was defined as contact between the ship and the rock (rock-structure interaction; RSI). A fundamental case of powered hard grounding was considered as the main reference for the scenario configuration. During RSI, the following constraints were imposed: (1) the bottom structure of the ship was fixed on the centerline and (2) both axial and rotational displacements were restrained and applied to the end of the ship's inner bottom, bilge, and shells. The average speed of an oil tanker 50 years ago was 13-18 knots (6.69-9.26 ms −1 ), as recorded by the American Society of Naval Engineers [32] . However, in this research, it was assumed that several updates had been made to the machinery of the tanker during its design stage, and therefore a ship velocity of 10 ms −1 was assumed for the RSI. In the automotive industry, the typical element length that was used for crash simulations is approximately 5-10 times larger than the element thickness [33, 34] . In the present study, various mesh sizes were used in the finite element method to investigate the effect of the element length on the deformable structure (the ship). The mesh sizes were determined based on the traditional ELT ratio of 10 (Haris and Amdahl [9] ), with several ratios that ranged from 11-13 being investigated to determine the optimal ratio. 
Structural Crashworthiness of Tanker
Internal Energy
Design of Accident Scenario
In this study, interaction in the accidental event was defined as contact between the ship and the rock (rock-structure interaction; RSI). A fundamental case of powered hard grounding was considered as the main reference for the scenario configuration. During RSI, the following constraints were imposed: (1) the bottom structure of the ship was fixed on the centerline and (2) both axial and rotational displacements were restrained and applied to the end of the ship's inner bottom, bilge, and shells. The average speed of an oil tanker 50 years ago was 13-18 knots (6.69-9.26 ms −1 ), as recorded by the American Society of Naval Engineers [32] . However, in this research, it was assumed that several updates had been made to the machinery of the tanker during its design stage, and therefore a ship velocity of 10 ms −1 was assumed for the RSI. In the automotive industry, the typical element length that was used for crash simulations is approximately 5-10 times larger than the element thickness [33, 34] . In the present study, various mesh sizes were used in the finite element method to investigate the effect of the element length on the deformable structure (the ship). The mesh sizes were determined based on the traditional ELT ratio of 10 (Haris and Amdahl [9] ), with several ratios that ranged from 11-13 being investigated to determine the optimal ratio.
Structural Crashworthiness of Tanker
Internal Energy
The structural response of the tanker under accidental loading was evaluated using the energy criterion. The internal energy is representative of the crushing energy that deforms and destroys the deformable structure upon impact. Figure 3 summarizes the results for various mesh sizes. A time t in the initial rock penetration was obtained for the traditional (10) and expanded (11-13) ELT ratios. The differences in penetration between the smallest (10) and largest (13) ELT ratios exceeded 1.5 m, which accounted to a difference of 6.73%. For the next 1 m of penetration, the results for an ELT ratio of 13 were more similar to those for a ratio of 10, with the penetration being 5.37% lower for the ELT ratio of 13. By the end of the penetration period, the difference in internal energy between the investigated ELT ratios had not surpassed 8%, while the smallest difference was 4%. This finding indicates that there is no significant difference between the traditional and recommended ELT ratios. The fully integrated element formulation that was used in this study was verified while using the hourglass energy, which was successfully suppressed and disappeared during calculation. 
Crushing Force
The failure or rupture behaviors of the deformable structure (the ship) can be observed on the graph of rock penetration against crushing force (Figure 4) . In this research, only the ship was modeled as a deformable entity, and the crushing force presented on the graph therefore solely 
The failure or rupture behaviors of the deformable structure (the ship) can be observed on the graph of rock penetration against crushing force (Figure 4) . In this research, only the ship was modeled as a deformable entity, and the crushing force presented on the graph therefore solely represents the progressive crushing of the ship. It was found that a large force occurred early in the RSI; this represents the first local deformation of the structure. With increased rock penetration into the structure, the transverse floor was breached and the crushing force gradually decreased as a tear opened in the bottom shell. Between two transverse floors, the fluctuation of the crushing force resulted in a stable state with no significant increment. One reason for the large fluctuation of crushing force in the penetration range of 0-1 m is the velocity that was applied in this study, which is higher than that used in other studies. If a lower velocity were to be applied in the simulation, the fluctuation of crushing force would likely be more uniform and lower in magnitude. Subsequently, more specific investigation was conducted by observing the variation of crushing force in the longitudinal direction. Figure 5 shows the results. The crushing force was similar for all selected ELT ratios. Similar degrees of damage were simulated for all mesh sizes. Furthermore, large fluctuations in crushing force were recorded when the second transverse floor was breached at penetrations of 3-4 m. The crushing force tended to increase in the minus area as the rock penetrated in the negative longitudinal direction. The next notable fluctuation in crushing force occurred when the second transverse floor started to deform and was finally breached. The connections consisted of longitudinal (center girder) and transverse (floor), and they provided better resistance against accidental loading compared to other parts of the modeled structure. This was also noted by Prusty and Satsanagi [35] in their analysis of stiffened shell structures. The crushing force that was simulated for ELT ratios of 12-13 exhibited greater fluctuation, and reached a peak in the penetration range of 0-1 m. Penetration of 3-3.5 m produced a high fluctuation of crushing force, which was related to the connection between the transverse floor and the longitudinal girder, thereby increasing the structural resistance. This phenomenon was observed for all of the applied mesh sizes, which confirms the strong structural behavior of the bottom part of the hull. Additionally, a very high fluctuation of crushing force occurred during the initial contact between the structure and rock, with this force finally decreasing after penetration reached 1 m. At this penetration, the part of the ship that was first impacted by the rock, i.e., the transverse floor, was completely breached, and the bottom plate was cut.
Subsequently, more specific investigation was conducted by observing the variation of crushing force in the longitudinal direction. Figure 5 shows the results. The crushing force was similar for all selected ELT ratios. Similar degrees of damage were simulated for all mesh sizes. Furthermore, large fluctuations in crushing force were recorded when the second transverse floor was breached at penetrations of 3-4 m. The crushing force tended to increase in the minus area as the rock penetrated in the negative longitudinal direction. Subsequently, more specific investigation was conducted by observing the variation of crushing force in the longitudinal direction. Figure 5 shows the results. The crushing force was similar for all selected ELT ratios. Similar degrees of damage were simulated for all mesh sizes. Furthermore, large fluctuations in crushing force were recorded when the second transverse floor was breached at penetrations of 3-4 m. The crushing force tended to increase in the minus area as the rock penetrated in the negative longitudinal direction. Next, the variation of crushing force in the transverse direction was investigated. Figure 6 shows the results. The simulated forces were similar to those that are shown in Figure 5 , especially after the initial RSI occurred. No significant fluctuation in crushing force was observed during the breaching of the second floor, as the damage in the transverse direction was very low. This finding is also supported by the tendency of the force, which was almost 0 states during the RSI. The crushing forces fluctuated less in the transverse direction (y-axis), even during the breach of the second transverse floor, when compared to the variation of crushing force in the longitudinal direction (x-axis). Similar fluctuations were observed for all mesh sizes after the tearing damage had progressed to the bottom shell. The variation of crushing force in the vertical direction ( Figure 7 ) was similar to that in Figure 6 . The variation in crushing force that was obtained with the traditional ELT ratio of 10 was shown to match with that obtained with an ELT ratio of 11 at penetrations of 0-1 m.
At penetrations of 0-1 m, a similar tendency of crushing force was observed for an ELT ratio of 12 as compared to that observed for an ELT ratio of 13. Fluctuations in crushing force were observed when the second floor was breached. Based on the evaluation of the simulated crushing force for all observed axes, it can be seen that the RSI caused major damage in the vertical direction (z-axis). The evaluation of the crushing force tendency verified the results for the internal energy. These findings suggest that the crushing force should be calculated in individual directions.
Damage Pattern
Damage to the ship was evaluated by investigating the von Mises (v-M) stress and failure strain, as shown in Figures 8 and 9 , respectively. The v-M stress was mainly observed on the girder and plate for an ELT ratio of 10, with the stress expanding to the transverse floors for an ELT ratio of 11. For ELT ratios of 12 and 13, higher v-M stress was observed on the floors, while v-M stress expanded to other girders for an ELT ratio of 13. The length of tearing in the girder and plate was found to be the same as the uniform velocity that was applied in the scenario. However, the v-M stress level showed a gradual reduction for different ELT ratios. This indicates that the ship structure experiences failure more easily due to accidental events for larger ELT ratios. The use of large ELT ratios directly affects the mesh size, which also increases the sensitivity of the ship to structural damage. This finding is supported by the results for the failure strain. The structural failure was found to greater for larger ELT ratios. The advantage of using large mesh sizes for finite element calculations is that less processing time is required. However, time constraints are a major factor in numerical experiments for complex structures and nonlinear phenomena.
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Damage to the ship was evaluated by investigating the von Mises (v-M) stress and failure strain, as shown in Figures 8 and 9 , respectively. The v-M stress was mainly observed on the girder and plate for an ELT ratio of 10, with the stress expanding to the transverse floors for an ELT ratio of experiences failure more easily due to accidental events for larger ELT ratios. The use of large ELT ratios directly affects the mesh size, which also increases the sensitivity of the ship to structural damage. This finding is supported by the results for the failure strain. The structural failure was found to greater for larger ELT ratios. The advantage of using large mesh sizes for finite element calculations is that less processing time is required. However, time constraints are a major factor in numerical experiments for complex structures and nonlinear phenomena. experiences failure more easily due to accidental events for larger ELT ratios. The use of large ELT ratios directly affects the mesh size, which also increases the sensitivity of the ship to structural damage. This finding is supported by the results for the failure strain. The structural failure was found to greater for larger ELT ratios. The advantage of using large mesh sizes for finite element calculations is that less processing time is required. However, time constraints are a major factor in numerical experiments for complex structures and nonlinear phenomena. Even though the material cost is reduced to zero, the experiment using numerical approach tends to suffer from large disadvantages while assuming a suitable setting and configuration are not obtained. The simulation times for the current study are shown in Table 8 . The traditional ELT ratio of 10, having the smallest mesh size, was associated with the largest simulation time (4500 s). Meanwhile, using an ELT ratio of 11 reduced the simulation time by more than 40%. However, for an ELT ratio of 12, the simulation time was 11% larger than that for an ELT ratio of 11. The lowest simulation time (1448 s) was obtained for an ELT ratio of 13, being around 45% lower than that for an ELT ratio of 12. 
Structural Acceleration
The final criterion that was investigated in this study was structural acceleration (Figure 10 ). The results were divided into two areas, Area 1 and Area II. Area I covered the penetration range of 0-3 m and Area II covered the range of 3-5 m. A lower limit of structural acceleration was designated for Area I, and the acceleration did not exceed this limit for the investigated ELT ratios.
In Area I, the effect of acceleration on the structure was not widespread, as the medium involved in the RSI was limited to the girder and plate. In Area II, an upper limit for structural acceleration was applied, since the peak state was achieved in this range. Structural acceleration on the structure expanded aggressively, especially during impact between the x-intersection (girder and floor connection) with the rock. As the ELT ratio was increased from 10 to 12, the upper and lower acceleration limits steadily increased; however, when the ELT ratio was increased from 12 to 13, the limits reduced by approximately 7%. This observation is related to the complex connections in the ship, and it was expected. In another perspective, this finding can be concluded as mark that larger ELT ratio than 12 will give insignificant influence to structural crashworthiness. It is challenging to fully quantify nonlinear dynamic events, such as accidental loads, as this requires extensive observations of scenarios/case studies. Future work should expand the scenarios of ship accidents. 3 12 (expanded) >87,000 ±2700 4 13 (expanded) >73,000 ±1448
The final criterion that was investigated in this study was structural acceleration (Figure 10 ). The results were divided into two areas, Area 1 and Area II. Area I covered the penetration range of 0-3 m and Area II covered the range of 3-5 m. A lower limit of structural acceleration was designated for Area I, and the acceleration did not exceed this limit for the investigated ELT ratios. In Area I, the effect of acceleration on the structure was not widespread, as the medium involved in the RSI was limited to the girder and plate. In Area II, an upper limit for structural acceleration was applied, since the peak state was achieved in this range. Structural acceleration on the structure expanded aggressively, especially during impact between the x-intersection (girder and floor connection) with the rock. As the ELT ratio was increased from 10 to 12, the upper and lower acceleration limits steadily increased; however, when the ELT ratio was increased from 12 to 13, the limits reduced by approximately 7%. This observation is related to the complex connections in the ship, and it was expected. In another perspective, this finding can be concluded as mark that larger ELT ratio than 12 will give insignificant influence to structural crashworthiness. It is challenging to fully quantify nonlinear dynamic events, such as accidental loads, as this requires extensive observations of scenarios/case studies. Future work should expand the scenarios of ship accidents.
Conclusions
This research addressed the effect of the element-length-to-thickness (ELT) ratio on the geometry of numerical simulations. The structural response was simulated in an idealized ship-grounding scenario involving rock-structure interactions (RSI) while using a finite element method. A traditional ELT ratio was selected and compared to several expanded ELT ratios. Simulations of the internal energy showed a significant difference between ELT ratios of 11 and 12. Additionally, simulations of crushing force were conducted, with the results being similar to those that were obtained for internal energy for all force directions (longitudinal, transverse, and vertical). Furthermore, it was observed that, in the RSI scenario, the greatest damage to the structure occurred in the longitudinal (x-axis) and vertical (y-axis) directions. The contours of stress and strain indicated the expansion and reduction of stress level on the residual element after the impact, as 
This research addressed the effect of the element-length-to-thickness (ELT) ratio on the geometry of numerical simulations. The structural response was simulated in an idealized ship-grounding scenario involving rock-structure interactions (RSI) while using a finite element method. A traditional ELT ratio was selected and compared to several expanded ELT ratios. Simulations of the internal energy showed a significant difference between ELT ratios of 11 and 12. Additionally, simulations of crushing force were conducted, with the results being similar to those that were obtained for internal energy for all force directions (longitudinal, transverse, and vertical). Furthermore, it was observed that, in the RSI scenario, the greatest damage to the structure occurred in the longitudinal (x-axis) and vertical (y-axis) directions. The contours of stress and strain indicated the expansion and reduction of stress level on the residual element after the impact, as more coarse elements were more prone to experience failure. This finding was verified by the fact that a larger strain damage tear in the ship was simulated for an ELT ratio of 13 relative to the other ratios. Moreover, successively higher limits of structural acceleration were observed when the ELT ratio was increased from 10-12. Based on these results, the expansion of the mesh size in structural analysis is only recommended until an ELT ratio of 13.
Considering an ELT ratio of 13 gained more attention, as quantification of the current results was not perfectly satisfied. However, for complex analysis and under limited computational performance, this ratio is recommended for the simulation of deformable geometries, as the results that were obtained in the present study did not show a significant difference between the results for different ELT ratios. Future research should expand the analysis that was conducted in this study to actual tests and numerical experiments to investigate mesh convergence in order to quantify the effect of mesh size in terms of the simulation time and force/damage ratio.
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